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Chapter-1
INNOVATIVE METHOD FOR THE PREDICTION OF THE HYBRIDIZATION STATE OF
SIMPLE MOLECULES & IONS

Arijit Das
Department of Chemistry, Bir Bikram Memorial College, Agartala, Tripura, India
Email: arijitdas78chem@gmail.com

In this innovative chapter, formula-based mnemoigscounting total number of bonds and lone pair of
electrons (&.p) and subtract one (01) from this total value efsfo predict the power of the hybridization state
have been highlighted by innovative and time ecdnoway to enhance interest of students’ who beltmng
paranoia zone of chemistry for the prediction obiigization state of simple molecules or ions byngs
conventional method. Educators can use these mriesniontheir teaching style in the classroom leesuafter
discussing conventional methods to make chemisttyguing. Here, | have tried to focus four (0dne
economic mnemonics by including one (01) formulatfe prediction of hybridization state of simplelecules
or ions. This chapter encourages students to solugple choice type questions (MCQs) at differeampetitive
examinations in a time economic ground on the gtedi of hybridization state of simple moleculesiams to
know their normal and subnormal geometry. This irmtive chapter emphasizes chemical education itighe
of a variety of mnemonic techniques to make chewnistetabolic, time economic and intriguing for stats
because the use of mnemonics in classroom ledtiegsessential tool to become a distinguished aduc

The conventional formula for determination of hyliration state of simple molecules or ions is time-
consuming'’. Keeping this in mind, in this innovative pedagmjichapter, | have introduced some innovative

mnemonics to make chemistry metabolic, time econ@nd interestin™°,
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Here, | have tried to discuss them abruptly aloith their limitations, applications, and problemslie different

competitive examinations.

METHODOLOGY

A. Hybridization state theory

Prof. Linus Pauling (1931), first developed the Hgllzation state theory in order to explain theusture of
molecules such as methane (hising atomic orbitalg. This concept was developed for simple chemical
systems but this one applied more widely later nd f=om today's point of view, it is considered gperative
empirical for excusing the structures of organid amrganic compounds along with their related peots.

In hybridization, intermixing of orbitals of thers@ atom with slightly different energies takes plasulting in
the formation of the same number of new orbitaledaybrid orbitals with equal energies and shape.

The mixing pattern is as follows:

one s + one p = sp hybrid orbital, one s + twpgp=hybrid orbital, one s + three p =3dpybrid orbital, one s +
three p + one d (8 = spd hybrid orbital, one s + three p + two dx@, d°) = spd? hybrid orbital and one s +
three p + three d (g d;, d;) = spd® hybrid orbital.

Hybridization
O +0Q—>Co + O

s-orbital  p-orbital Two sp hybride orbital
The ability of the hybrid orbitals to overlap is tine order sh> s > sp, greater the p character, greater is the
ability to overlap and stronger will be the bondh&keas the bond angles formed by different hyhriikals are
in the order sp (18) > sp(12) > spP(109.9), greater the s-character, greater is the bondeang
Electronegativity of carbon also depends upon thee f hybridization. More the s-character in ligization

more is the electronegativity. Thus the order etebnegativity of C atom issg> Csp2 > Cops.
Some important facts about hybridization

i)Orbitals of comparable energies belonging to satoen or ion can undergo hybridization.

i) The number of hybrid orbitals is equal to themwher of atomic orbitals mixed during hybridization.

iiiyHalf filled, fully filled or even empty atomiorbitals of similar energy can participate in hgration.

iv)All the hybrid orbitals resulting from a partiew type of hybridization is similar in all respefdame

energy, shape, and size).




v)The hybrid orbitals are distributed in spacdéaaisapart as possible and hence assign a partisidge
and geometry to the molecule.
vi)Hybrid orbitals follow Hund'’s rule and also Bis exclusion principle like atomic orbitals.
vii)The bond formed between hybrid orbitals iotm as hybrid bond and is stronger than non-hybrid
bonds of comparable length.
Hybrid orbitals are the dumb-bell type with a largmbe having a (+ve) sign and a smaller lobe rgar(-ve)
sign.
B. The conventional method for prediction of hybridization state

VALANCE SHELL ELECTRON PAIR REPULSION THEORY (VSEPR THEORY):

VSEPR theory was given by Sidgwick and Powell i@ @nd further improved by Nyholm and Gillespie in
1957. In a molecule, the central atom is surroundgdshared pairs of electrons (bond pairs) as wasll
nonbonding electrons (lone pairs). The main concéphe theory is that the electron pairs surrongdihe
central atom repel each other and move away froenamother to occupy the most appropriate positissuch a
way that there are no further repulsions betwe@mthand molecule is in the state of minimum enexgg
maximum stability. This arrangement gives a paldicshape to the molecules. The order of repulbetween
electron pairs is lone pair-lone pair (LP-LP) >éqguair — bond-pair (LP-BP) > bond pair — bond-¢BiP-BP).

If the central atom is surrounded by only bond air similar atoms, the repulsive interactions egeivalent
and molecule has regular geometry. If the centaahds surrounded by only bond pairs of dissimétoms, the
repulsive interactions are not equivalent and tioéenule will not have the regular geometry. If tlentral atom
is surrounded by both bond pairs and lone paiesrepulsive interactions are very much differerd arolecular

geometry will be distorted from the regular one.
The conventional formula used for the prediction of hybridization state

Hybridization state for a molecule calculated by thrmula 1/2 (V+MA-C+A), where, V = Number of valze
electrons in the central atom, MA = Number of sunding monovalent atoms, C = Cationic charge, A =
Anionic charge.

Eg: Methane CHl, P = 1/2 (4 + 4 - 0) = 4 (3hybridization state); Ethylene (G CHy), P= 1/2(4+2-0) =

3 (sp hybridization state)



C. Innovative method for predicting hybridization state of simple molecules or ions
i)Prediction of sp, sp?, sp3 Hybridization state

Hybridization is nothing but the mixing of orbitalin different ratio and the newly mixed orbitals
called hybrid orbitals. The mixing pattern is akkdws:
s+ p (1:1) - sp hybrid orbital+  (1:2) - sp hybrid orbital ; s + p (1:3) - $hybrid orbital
Formula: prediction of sp, §pand sp hybridization state
Power on the hybridization state of the centrafra{Bhy) = (Tswp) — 1
where, Ry, = Power on the hybridization state of the cenataim, Ts.p= (Total no ofc bonds around each
central atom + LP).
From the Lewis structure of a molecule, first of gredict the number of sigma bondsl{onds), pi bonds
(z-bonds) and the lone pair of electrons (LP) if ahly single (-) bonds are the bond, in the double bond (=),
there is & and Ir, in triple bond £) there is & and Z (excluder bond). In addition to these, each Co-ordinate
bond () can be treated as bond. This formula is applicable up to four (04) T
If the power of the hybridization state(F) will be 03, 02 and 01 then the hybridization etafll be sg, sg
and sp respectivelytl-12
ii)Prediction of sp3d, sp3d?, sp3d3 Hybridization state
In case of sfal, spd? and spd® hybridization state there is a common terrhfep which four (04) e

is responsible. So, with four (04}.F, for each additional sLr (additional sigma bond or lone pair of electron),
added one d orbital gradually as follows:-

5 Tsip= 4 Tsip + 1 additional Fp = spd hybridization

6 TsLp = 4 Tsip + 2 additional Fip = spd? hybridization

7 Tsip = 4 Tsip + 3 additional e = spid® hybridization
In case of cationic species, requisite electronfed@s must be removed from the outermost orbthefcentral
atom and in case of anionic species, added reguibiictron/electrons with the outermost electrohshe

central aton$1112
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RESULTS AND DISCUSSION
1. Innovative mnemonics for predicting hybridization state of simple molecules

or ions

i)Prediction of the hybridization state (sp2 €psp®) of simple molecules and ions can be well explaimethe
following way:

Ex.a. NHs: In NHs, central atom N is surrounded by three N-H sidogiads i.e. three (03) sigma)(bonds and
one (01) lone pair (LP). So,silk = 4, in NH: , hence, power on the hybridization state of NNHs, (Puyb) =
(TsLp) — 1= (3+1)-1 = 3 i.e. hybridization state =.sp

Ex.b.H20: In HO, central atom O is surrounded by two O-H singleds i.e. two (02) sigma) bonds and two
(02) lone pairs. So, in this case, power on theibigation state of O, (Ry) = (Tstp) — 1= = (2+2)-1 = 3, i.e.
hybridization state of O in 4 = s§5.

Ex.c.H3BOs:- In H3BOs, B has(Fig. 1.1) three (03) bonds only (LP = 0) and oxygen has two (62)onds
and two (02) lone pair of electrons, so, in thisesgpower on the hybridization state of ByygP= (Tswp) — 1=
(3+0)- 1 = 2 i.e. B is sphybridized in HBOs. On the other hand, the power of the hybridizasitate of O,

(Payb) = (Tsp) — 1= = (2+2)-1= 3 i.e. hybridization state offOH;BO; is sp.

:O-H
| H _H
B o C=C
N\ VRN
H-Q \Q-H H H
Fig. 1.1 Structure of HsBO3 and C:H4

Ex.d.CH,= CH: In GHa, each carboifFig. 1.1) is attached with two (02) C-H single bondss(Bonds) and
one C=C bond @bond), so, altogether there are 3 sigma bondsnSbis case, the power on the hybridization
state of both C, (i) = (Tswp) — 1= (3+0)-1 = 2 i.e. hybridization state of ba#rbons are gp
Ex.e.I-Cl: In I-Cl, I and CI both have one (0&)bond and three (03) lone pair of electrons, sdhis case,
power on the hybridization state of both | and @ky,) = (TsLe) — 1= (1+3) - 1 = 3 i.e. hybridization state of |
and Cl both are $p

Ex.f. Os: Ozone (Q) exists as a stable form of cyclic ozdfiég. 1.2) and its structure is equilateral triarigle

In which each center O atom has two (02) O-O sibgleds (2 bonds) and two (02) lone pair of electrons. So,



in this case, power on the hybridization state eftal O atom (Rw) = (Tstp) — 1= (2+2) - 1 = 3 i.e.

hybridization state of center atom O in cycligi®sp.

070
\.
Q
Fig. 1.2 Equilateral triangle structure of cyclic @one (Q)
But the resonance description of ozone involves stmactureqFig. 1.3) in which, the central oxygen atom of
ozone will have sphybridization state. In this case, the centralt@mahas two (02¥ bonds and one (01) lone
pair of electron (LP = 01), hence, power on theritybation state of central O atom in resonanceriadybf

ozone, (Byp) = (Tstp) — 1= (2+1) - 1 = 2 (.

Y-
‘9/ \=o: .-é/ \o

Fig. 1.3 Resonating structures of Ozone (£

Ex.g.Ss: The ordinary form of sulfur (orthorhombic sulfyellow crystals) contains octatomic moleculeg (S

in which, S can form single covalent bonds with t@tber S atoms in a zigzag fashi@fig. 1.4) into a long
chain. In this case, each sulfur atom attached twith(02) adjacent bonds and two (02) lone pair of electrons
(LP = 2). Hence, power on the hybridization stateany S atom (Rp) = (Tstp) — 1= (2+2) - 1 = 3 i.e.

hybridization state of S atoms ig iS s.

G 5 F /ﬁ\P.
iy .p\f/ .

Py S M

8fS ®
Fig. 1.4 Zigzag structure of $and Tetrahedron structure of P4

Ex.h.Ps: In Py, the four P atoms are arranged at the cornergegddar tetrahedrofFig. 1.4) Here, each P atom
forms three covalent bondso(®onds) and one lone pair electron (LP = 1). Hepoger on the hybridization

state of any P atom §f) = (Tsip) — 1= (3+1) - 1 = 3 i.e. hybridization state oaféms in Ris sp.



Ex.i.COs%: In the valence bond structure of carbonate i0@s£Q, the central carbon atom does not contain any
lone pair electron (LP = 0) but it has three (83)onds(Fig. 1.5) Hence, power on the hybridization state of
central C atom in carbonate ionugh) = (Tsip) — 1= (3+0) - 1 = 2 (. But in resonance hybrid of GO

(Fig. 1.6) carbon atoms are in%pybridization state due todbonds and no lone pair of electrons (LP = 0).

Q:
o:c<
Q:

Fig. 1.5 Valence bond structure of carbonate ion (Os%)

O o
:OC/ <> ;OC/
- \(3 \O:

Fig. 1.6 Resonance hybrid of C&"
ii)Prediction of the hybridization state fsip sgd?& sp°d®) of simple molecules and ions can be well expldine
in the following way
Ex.a. I3 In Tri iodide ion (k), central | atom hasc2bonds and 3 lone pairs of electrons (LP {RYy.1.7)
Hence for central I, there is &b So, 5 Ep = 4 Tsip + 1 additional Fip = sPd hybridization.
.9 .
[=| -] - |=]

Fig. 1.7 Linear structure of triiodide ion (I3
Ex.b. IFs": In IFs* (Fig. 1.8) | have 7 & in its outermost shell, so, in this case, subtvae efrom 7i.e. 7-1=
6. So, out of 6 electrons, 4 electrons form four) (BF c bonds and there is one (01) LP. So, altogethee the
5 Tsip. S0, 5 Eip = 4 Tsip + 1 additional Fp = spd hybridization.
Ex.c. XeR: In XeF (Fig. 1.8) Xe, an inert gas, consider & én its outermost shell, four (04) of which form
four (04) Xe-F sigma bonds and there are two (08¢ Ipair of electrons, so, altogether there is 6 F 4 Ts.p

+ 2 additional ELp = spd? hybridization.



F + F
| Q)
F—I—F ‘F—Xe—rF
| ®
— F N — F: ]

Fig. 1.8 Structure of IFsfand XeFs

Ex.d. IF7: In IR, there is seven (07) I-F single bonds i.e.bonds and no lone pair of electron (LP=0), so,

altogether there is 07slp = 4 Tsp + 3 additional e = spd® hybridization.

THE GEOMETRY OF SIMPLE MOLECULES OR IONS

In absence of lone pair electrons (LPs) a moleoulimn exhibits regular geomet(ig. 1.9) For sp, sh sp,
spd, spid?, and spd® hybridization state, geometry will be linear, tiwl planar, tetrahedral, trigonal bipyramid,
octahedral and pentagonal bipyramid respectivelygreas for the same hybridization state in presefdhe

lone pair of electrons they exhibit subnormal getyn@ig. 1.10)811.12

X

i

_A- A
(Linea>r<, :\o,)IfP:)) / A\ / \
X x Xe X

(Trigonal planar, €p, LP=0 (Tetrahedral, s P=0)

X

X x\i/x X\T/x

X X X
% X
X
(Trigonal bipyramidal, sfi, LP=0) (Octahedral, sf?, LP=0) (Petntagonal bipyramidal &', LP =0)

Fig.1.9 Regular / Normal Molecular Geometry withoutLone pair of electrons



Adequate examples on prediction of the hybridizastate from the corresponding.# value (total number of

o bonds around the central atom + lone pair of ed@abn central atom) of the central atom have leghored

in Table 1.1 and molecular geometry (normal and sub-normal) aodd angle with respect to the

corresponding hybridization state and lone pakle€trons of simple molecules or ions have begplaiisd in

Table 1.2
Table 1.1 Ts.e and corresponding hybridization state
TsiLp Nature of Examples
(Total number ot bonds + LP) Hybridization State

2 sp Bed, HgCh,C:H2,CO,,CO,CdCh, ZnCh, etc.

3 sp BCls, AlCl3,CzHa,CeHe, SO, SO3,HNO;,
H2CO;,SnCh, PbC} etc.

4 sp NHs,  BFy, H:SQ;  HCIO4PCk,  NClk,  AsCh,
HCIOs3,ICl>",0F;,HCIO,,SCh,HCIO, ICI, XeQ etc.

5 spd PCE, SbCk, SF, CIFs, Bris, XeR, ICl; etc.

6 spd? Sk, AlFe*, SiR*, PR, IFs, Bris, XeOR, XeF, BrFy, ICls
etc.

7 spd® IF7, XeFs etc.

Table 1.2 Hybridization, Molecular Geometry, and Bond Angles

Hybridization | LP | Molecular | Approximate| Examples LP | Molecular| Approximate | Example
Geometry | Bond Angles Geometry| Bond Angles
(Regular/| (Degree) (Subnormi (Degree)
Normal)
sp 0 Linear 180 Cg CS,BeCh, HgCh
sp 0 | Trigonal 120 BH, AICI3, CH4, BClg, Angular <120 SQ, NO»
Planar BFs, NOs, COs* 01 or
or V-shape
Triangular
Planal
01 | Pyramidal| <109.5 NH3, PHg,
ASH3
sp? 0 | Tetrahedral 109.5 BH4, BFs, SnCl, 02 | Bent <109.5 H20, H:S,
H2SO, HCIO,, SiCly shape H.Se
or V-
shape
03 | Linear 180 ICI, BrF, CI
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01 | See-Saw | <120(equatori§ SF
120 <90 (axial)
(equatorial)
spid 0 | Trigonal 90 PFs, PCk 02 | T-shape | <90 ICls, RCI
bipyramid | (axial)
03 | Linear 180 XeR, I3
01 | Square <90 IFs, Bris
pyramidal
spid? 0 | Octahedra 90 SFs, Teks,
WFs, Seks, 02 | Square 90 Xeh
SnCk planar
spid® 0 | Pentagonal 72 & 90 IR 01 | Pentagoall 72 & 90 XeFs
bipyramid Pyramidal
or
Distorted
octahedra

BOND ANGLE OF SIMPLE MOLECULES OR IONS

The angle between the two covalent bonds of a mtdes called the bond angle. When in covalent spnd
bond pair electron clouds, are adjacent to eackrpthen, due to excessive repulsive force betvwesn
adjacent bond pair electron clouds, the bond aingleases. When bond pair electron clouds movertisithe
central atom instead of the peripheral atom, thlay are adjacent to each other and exhibit mucke mo
repulsive force, which increases the bond angkh@fmolecule. So, the mainly responsible repulivee for
bond angle prediction is a bond pair — bond-paR-@°) repulsion. If there is any other repulsiviecéogreater
than BP-BP repulsions, such as lone pair-lone @atLP) or lone pair-bond pair (LP-BP) repulsion,this
particular case, BP-BP repulsion not freely achdeg bond angle diminishes. The order of repulBivee is a
lone pair-lone pair (LP-LP) > lone pair — bond-p&iP-BP) > bond pair — bond-pair (BP-BP).
Factors affecting the bond angle of simple molecules or ions:

i) Different Repulsive force: The order of bond angle depends on different s#ypeiforces is as follows
bond pair — bond-pair (BP-BP) > lone pair — bond-flaP-BP) > lone pair-lone pair (LP-LP).

(LP =0) (LP=1) (LP=2)

Thus, with increasing number of lone pair electrdrtd angle decreases.
Ex. The bond angle of methane (gHammonia (NH) & water (H:O), follows the order: methane (GH>

ammonia (NH) > water (HO). In methane (Ch, LP on C = 0 and only BP-BP repulsion is themeammonia
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(NHs), LP of N = 1 and hence, two repulsive forces @P& BP-BP) are there, in water {8), LP on O = 2,
hence, three types of repulsive forces (LP-LP, [HP&BBP-BP) are there.

ii) Electronegativity of the central atom (when repulsive force and peripheral atoms are same): When a
pair of molecules, having the same repulsive foirtayhich, peripheral atoms are the same but ceatoans
are different, then, bond angle increases witheiasing electronegativity values of the central athre to
much more repulsive interactions between two adjabend pair electron clouds, shifted towards highe
electronegative central atom.

Ex. In between HO and HS, both exhibit the same repulsive forces (LP-LP-BP & BP-BP). Here,
peripheral atoms are same ‘H' but central atomsldferent ‘O’ & ‘S'. In between oxygen and sulfgince,
central atom ‘O’ in HO is much more electronegative (E.N. of O = 3.@nthentral atom ‘S’ in b6 (E.N. of S
= 2.5), therefore, oxygen attracts bond pair etectiouds towards itself more closely than thasudfur. As a
result of it, bond pair-bond pair repulsion betwdéen bond pair electron clouds will be much moreniater,
H.0 than that of k5. Hence, bond angle ob@& > H,S.

i) Electronegativity of the peripheral atom (wheapulsive force and central atoms are same): Wibain,of
molecules, having same repulsive force, in whignt@l atoms are same but peripheral atoms arerelift,
then, bond angle decreases with increasing elemgativity values of the peripheral atom due to mless
repulsive interactions between two bond pair etectriouds, shifted towards higher electronegatsepheral
atom.

Ex. In between NH and NFR, both have LP =1 and hence, exhibit same repufsiraes (LP-BP & BP-BP).
Here, central atoms are same ‘N’ but peripheramatare different ‘H’ & ‘F'. In between fluorine and
hydrogen, since, peripheral atom ‘F’ in N8 much more electronegative (E.N. of F = 4.0ntlparipheral
atom ‘H’ in NHz (E.N. of H = 2.1), therefore, fluorine attractsnidopair electron clouds towards itself more
closely than that of hydrogen. As a result of @nd pair-bond pair repulsion between two adjacenidbpair

electron clouds will be much more in ammonia,sNitan that of Nk Hence, bond angle of NE NFs.

APPLICATIONS OF HYBRIDIZATION STATE IN CHEMICAL FIELD:

Hybridization state has a variety of applications a follows:
1.Hybridization state used in the prediction of diple moment f1) as well as polarity.
Ex.a. Cis-2-butene is polar whereas trans-2-butene anaalar described as follows with the

help of hybridization statéFig. 1.11)
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% of s character is directly proportional to theatlonegativity, hence electronegativity ordermis € (s 50%) > sp C
(s 33.3%) > sp C (s 25%)
2. Hybridization state used in the prediction of ailic order of hydrocarbons (alkyne, alkene, and alkne).

Ex.b. Acidic order of alkyne, alkene, and alkane canve# explained as follows:

spsp ’sp sp? sp sp
Decreasing acidic order is alkyne (HGCH) > alkene (HC = CH) > alkane (HC — CH)

Alkyne having sp hybridized carbon atoms, wheredisene having sphybridized carbon atoms and alkane
having sp hybridized carbon atoms. Since, % of s charac&ectronegativity and electronegativity of cartion
hydrocarbons proton donation tendency (Acidity), hence, elentgativity order is
sp - C (s 50%) > 2p C (s 33.3%) > sp C (s 25%) and thus, decreasing acidic orderkgnal (HC= CH) >
alkene (HC = CH,) > alkane (HC — CH).
3. Hybridization state used in the prediction of baic order.
Ex.c. Basic strength between amine (-jtdnd nitrile (-CN) can be explained as follows:
Nitrogen atom in methylamine (e¥H>) is sp hybridized (% s character = 25%) and in methyliga (CHC=N)
is sp hybridized (% s character = 50%).th/¥ s character electronegativity increases. Hespc@l of methyl cyanide
(CHC=N) is more electronegative than methylamine {§8H.), which (sp N of methyl cyanide), tightly holdstione
pair of electrons on it and thus less readily lawéé for protonation or donation and thus decreaseic
character of methyl cyanide (GEEN) with respect to methylamine (GNH>).
4.Hybridization state used in the prediction of nomal and subnormal geometry.
Simple molecules or ions having LP = 0 (LP = loiaé jpf electrons), show normal geometry, wherelaB, A 0),
show subnormal geometry (Table 1.2).
5. Hybridization state is useful for the predictionof bond length and bond strength of any bonds.
Power of the hybridization statel), is directly proportional to bond length and irsaly proportional to the
bond strength of bonds. Generally, mixing of hylzation state decreases bond length value anddn sases,
with decreasing power of the mixed hybridizaticatst bond length value decreases.
Ex.d. C-C:sp-S[#,Phy» = 3+3 = 6, C-C bond length = 1.54C-C sp-sp?, Puyp = 3+2 = 5, C-C bond length = 150
C-C:sp-sp, Ry, =3+1=4, C-C bond length = 1.46
C=C : sp-Sp%, Puyp = 2+2 = 4, C-C bond length = 184C=C sp-sp , Ry» = 2+1 = 3, C-C bond length = 181

C=C : sp-sp, R = 1+1 = 2, C-C bond length = 181
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C-H : sp-H, Py, = 3, C-H bond length = 1.Kt s?-H, By = 2, C-H bond length = 1.40
sp-H, R = 1, C-H bond length = 1.08.

C-O: sp-O , Ryb = 3, bond length = 1.44%; C=0: sB-O , Rys = 2, bond length = 1.20

C-N: sp-N, Puys = 3, bond length = 1.4% C=N: sp-O , Ry» = 2, bond length = 1.28

C=N: sp-N, Ry, =1, bond length = 1.%6

6. Bond angle can also be evaluated from the higation state.

Bond angle is directly proportional to the s ch#gaof a hybrid orbital as follows:

Bond angle follows the order

sp—C((50% s) >3p-C(33.3% s)>38p-C (25% s)

PROBLEMS ON HYBRIDIZATION & GEOMETRY

Q1. Which of the following pairs of ions is isoeld¢wmonic and isostructural? (NEET 1$2016)
a.CQ*,NOs b.CIQy,COs* c. SQ*,NOs d.ClOs, SO

Ans:a&d

(COs*,NOs both have 328, sB, LP=0, trigonal planar geometry) & (CG{QSG? both have 4278, sp, LP=1,

pyramidal geometry)

Q2. The correct geometry and hybridization for Xek are (NEET 11 2016)

a.octahedral, $g> b. trigonal bipyramidal, 8¢ c. planar triangle, & d. square planar, &5

Ans: d - square planar, &8

Q3. XeR is iso-structural with (NEET 2013)

a.SbCt b.BaC} c.Tek d. ICk

Ans: d. ICL spd linear

Q4. The structure of IF7 is (AHE 2011)

a.Square pyramid b. trigonal bipyramid c. octlkk d. petagonal bipyramid

Ans: d. IF - spd® LP=0, petagonal bipyramid (Normal Geometry).

Q5. Consider the state of hybridization of carboratoms, find out the molecule among the following

which is linear ? (CBSE PMT 2011)
aCHh-CH=CH-CH b.eHC=C - CH
c.Ch=CH-CH-C=CH d.GHCH-CH-Chs

Ans: b. CH— C=C — CH; ( both — C= C — will be in sp hybridization state and LP = 0)
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Q6. Base strength of HC-CHz (i), H2C = CH" (ii) and H - C= C (iii) is in the order of
a.(i) > (iii) > (ii) b. (i) > (ii) iii) c. (i) > (i) > (i)~ d. (iii)> (i) > (i)
Ans: b. (i) > (i) > (iii)
Acidic order is H-C= C-H > H,C = CH, > HsC-CHs
since stronger acid will have weaker conjugate liasefore , order of the conjugate base of the
above acidis CCHy >H.C=CH > H-C=C.
Q7. Methylamine (CHsNH2) is more basic than methyl cyanide (CEC=N). This is due to the which one of the
following reason
a. both having different (+1) effect group  b. both having same (+1) effect group
c. both nitrogens having same s character d. both nitrogens have different s character
Ans: d. both nitrogens having different auctter [stated in the application]
Q8. Which of the following species contains 3 borghirs and one lone pair around the central atom? (NEET 2013)
a.HO bBE c. NH d.PC
Ans: PG (LP =1 and BPs = 3)
Q9. The hybridization of atomic orbitals of nitrogen in NO2*, NOs” and NH4* respectively are (NEET & JEEMAIN 16)
a.sp, spand sp b. sp, spand sp c. sp, $pand sp d. sp, sp, and sp
Ans: c. sp, $pand sp
Q10. Total number of lone pair electrons in 4 ion is (JEE MAIN 2018)
a.3 b.6 c9 di2
Ans: c.9
Q11.Which of the following molecules represents therder of hybridization sp?, si?, sp, sp from Left to Right atoms
(NEET 18)
a. CH=CH-CH=CH, b. CH=CH-C=CH c. CH=C-C=CH d. CH-CH=CH=CH;
Ans: b. CH=CH-C=CH ( Limitation of Conventional Method)
Q12. In which of the following pair both have sp hybridization? (Karnataka NEET 2013)
a. Si, Betk b. Nk, H:O c¢.NE, BFs d. HS, BR
Ans: b. Nk, H:0
Q13. The correct geometry and hybridization for Xek are (NEET 1l 2016)

a.octahedral, 3 b. trigonal bipyramidal, 8¢ c. planar triangle, & d. square planar, %3
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Ans: d - square planar, &8
Q14. Which of the following bonds is strongest?
a.HC-CH: b. RC=CH, c.HC-CH=  d. H&CH
Ans: d. HGCH
Q15. Which of the following is planar in shape?
a.Methane b.Acetylene c.Benzene d.Isoleuta
Ans: c. Benzene (all six carbons are if lsybridized makes it planar)
Q16. Bond length among C-C in ethane (I), etheneljland ethyne (lIl) follows the order
al>I1>1l b.l>1>1 clii>1>1l d. i>1I>l
Ans:a. > 11>l [l (ethane, $pPyp=3) > Il (ethene, spPyw=2) > Il (ethyne, sp, Bp=1)
Q.17. Which of the following carbon atoms is mostlectronegative?

1 !
HsC — CH-C = CH

a.l b. Il c. Il d. all are equally electronegative
Ans: a. (sp C, s 50 %, % of s charactelectronegativity)
Q.18.An sp hybrid orbital contains
a.1/4 s-character b.1/2 s-characte  c¢.2/3 s-character d S#£haracter
Ans: a.1/4 s-character (s:p = 1:3 if)sp
Q.19. In, CCl, the four valencies of carbon are directed towardthe corner of a
a. Cube b.Hexagon c. Prism d.Tettedre
Ans: d.Tetrahedron (in CCi Cisin sp, BP = 0 & LP of C = 0, regular geometry) (See €ahR)
Q.20.In which of the following the angle between thtwo covalent bonds is largest?
a. HO b.NH c.CO d.CH
Ans: ¢.CQ (in O=C=0, hybridization sp & bond angle 2B(See Table 1.2)
Q.21. Which has the minimum bond angle?
a. HO b.HS c.NH d.CH
Ans: b. HS [Bond anglex 1 / number of lone pair of electrons (LPs) & (Bame repulsive force), Bond angie

electronegativity of the central atom]
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Q.22. Which of the following geometry is associatedith the compound in which the central atom assunse
sp’d hybridization?
a.Planar b.Pyramidal c.Angular.Trijonal bipyramidal
Ans: d.Trigonal bipyramidal (for hybridization%b- geometry is Trigonal bipyramidal) (See Tabl2)1.
Q.23. The pyramidal geometry is associated with
a.CH b.NH c.HO d.Co
Ans: b.NH; (See Table 1.2)
Q.24. According to VSEPR theory, which one of theollowing has ideal tetrahedral shape? (NET 2011)
a.Se b.S® c.S¢ d.Se
Ans: ¢.SQ* (SQ? is ideal because of the presence of same atomé aad LP = 0 and BP = 4 around the S
atom) (Sedable 1.2
Q.25. Which of the following molecules is linear?
a. GH b.SicJ c.CH d.HSe
Ans: a. GHz ( H-C=C-H, sp-C, LP =0, linear geometry)
Q.26. Boron in BCk has (NET 2017)
a) sp hybridization b) $fybridization c) sphybridization d) no hybridization
Ans: b) sp hybridization (Sedable 1.1
Q.27. A molecule in which sphybrid orbitals are used by the central atom in foming covalent bonds is
a.He b.S© c.PGl d.N
Ans: b.SQ (See Table 1.2)
Q.28. The bond angle in NHis close to
a. 9o b.180 c.109 d.120
Ans: c.109
Q.29. The octahedral shape is associated with
a.PF b.Sk c.Tek d.Clg
Ans: c.Tek (LP of Te =0, sfi - octahedral) (See Table 1.2)
Q.30. The hybrid states of carbon in diamond, grapite and acetylene are respectively
a.shsp,sp b.sp,shsg c.sp s sp d shsp, sp
Ans: c.sp, sp, sp (in diamond C - gpin graphite C - spand in acetylene C - sp)
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Q.31. The Ask molecule is trigonal bipyramidal. The orbitals usé by As for hybridization are

a.ef,s,p.py.p: b.¢b-y2,S, 0Py P2 C. PPz 0 d. None of these.
Ans: a.d?,s,p.py.p; (see in the text)
Q.32.The molecule with highest number of lone pairand has a linear shape based on VSEPR theory iS\IET
2011)

a.Co b.k c.NQ d.NGQ*
Ans: b.k (Tri iodide ion k is linear geometry in which central | contain &dqairs — see Fig. 1.7)
Q.33. Which of the following molecules/ions has aiangular pyramidal shape?

a.BE b.N@ c.HO* d.C&
Ans: c.HO* (It is sp* hybridized with 01 LP and 3 BPs around the oxygm similar to NH shows triangular
pyramidal shape — see Fig. 1.10)
Q.34. In piperidine, the hybrid state assumed by Ns

a.sp b%sp c.sp d.dsp

-

Ans: c.sp © (In piperidine, N is surrounded by 01 LP and 3 BRg hybridized)
Q.35.Which of the following pairs contains isostrutural species?

a.CH and CH* b.NHand NH c.SG*and BR® d.NH and Bek
Ans: ¢. S@* and BR (both are in sphybridized having tetrahedral geometry)
Q.36. The BCk molecule is planar while NC} is pyramidal because

a. BGldoes not have the lone pair on B but Niils one b. N atom is smaller than B
c. B-Cl bond is more polar than N-Cl bond d. N-6hHd is more covalent than B-Cl bond
Ans: a. BC} does not have the lone pair on B but N@is one (See Table 1.2)
Q.37.Among Sh, BFs, XeFs, and ICls, the number of species having two lone pairs on ¢hcentral atom
according to VSEPR theory is (NET 2011)
a)2 b)3 c)4 d)o
Ans: a)2 (Xek & ICl4 both have LP =2; sekable 1.2
Q.38. Total number of lone pairs of electrons of X&n XeOF4 is
a.0 b.1 c.2d.3

Ans: XeOR (LP =1 & BPs = 6 around Xe in XeQF
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Q.39. The angles between covalent bonds is maximum
a. CH b.BE c.PE  d.NR
Ans: b.BR (sp? hybridized - highest bond angle, where, rest tlareesp hybridized lower bond angle)
Q.40. The bond length between C-C bonds in $jybridized molecule is
a. 1R b.1.64  c.154 d.1.34
Ans: d. 1.34 (C=C : sp-sp?, C-C bond length = 1.39
Q.41. The hybridization of Xe in XeRk is
a.sp b.sp c.sfd d.spd?
Ans: c.spd (BPs = 2 & LPs = 3 around Xe in Xef5 Ts.p= 4 Tsp + 1 additional Fp = spid hybridization)
Q.42. Which of the following will be octahedral ?
a.SF b.BE c.PQ d.HBO3
Ans: a.SE(LP = 0, spd? — regular geometry - octahedral)
Q.43. The structure of CH=C=CH: is
a.Linear b.Planar  aPlanar d.None
Ans: b.Planar (since carbon uses only sp afAthgprid orbitals)
Q.44. Carbon atoms in benzene molecule are inclined an angle of
a. 120 b.189 <c.108 d.60
Ans: a. 120 (in benzene, each carbon atom &tggbridized)
Q.45. In BrFz molecule, the lone pairs occupy equatorial positits to minimize
a.Lone pair — lone pair repulsion onlg.Lone pair — bond pair repulsion only
¢. Bond pair — bond pair repulsion onlyLdne pair — lone pair repulsion and lone paioadpair repulsion.
Ans: d. Lone pair — lone pair repulsion and loni pdond pair repulsion
Q.46. The shape of gaseous SnG$
a. Tetrahedral b.Linear c.Alagu d.T-shaped
Ans: c. Angular (Snis $fybridized and thus angular shaped)
Q.47. The shape of the molecule SElz is
a.Trigonal bipyramidal b.Cube c.Octahedral d.Tetrahedral
Ans: a.Trigonal bipyramidal (in SEl;, LP=1 & BPs = 4, hence, 5l = 4 Tsip + 1 additional Fp = spd

hybridization)
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Q.48. Which carbon is more electronegative ?
a.sphybridized carbon  b. sp-hybridized carbon  c. sp-hybridized carbon
d. Irrespective of the hybrid state
Ans: b. sp-hybridized carbon (% s = 50%)
Q.49.The shape of @Fz is similar to that of
a.Gk b.HO; c.HF d.GH;
Ans: b.HO
Q.50.The most efficient overlapping is
a.spsp b.s-s c.é3p° d.sp-sp
Ans: c.sp-sp’ (Greater the p-character, greater is the abilityverlap)
Q.51. In. NGs ion, number of bond pairs and lone pairs of elecoins are respectively
a.22 b.3,1 c.1,3 d.58
Ans: d.4,8 (NQ be the conjugate base of Hii@ which BPs =5 and LPs of O = 8)
Q.52. The shape of Cl@ is
a. Triangular pyramidal b. Tetrahedr@lngular d.Linear
Ans: b. Tetrahedral (In CKOLP = 0, sp hybridization state)
Q.53. IFs has the following hybridization
a.sf? b.s@d c.sf®  d. None of these
Ans: a. spd? [LP = 1 & BPs = 5, hence, 6l = 4 Tsip + 2 additional Fp = spd? hybridization)]
Q.54. The correct order of bond angle is
a.HO>NHz>CHs>CO; b. HHO<NHz< CO<CHs ¢. HO<NH; >CO>CH; d. CQ>CHs> NHz>H20
Ans: d. C@CHs> NHz>H,O (In CQ LP = 0, linear, sp; in CHLP = 0, tetrahedral, $pin NHz, LP =1, sp and
in H:O, LP = 2, sp
Q.55. In O, number of bond pairs and lone pairs of electronare respectively
a.2,6 b.2,8 c¢.2.10 d.29
Ans: b.2,8 (In F-O-F, each F has 3 LPs and O Ha8s2. Here, BPs = 2)
Q.56. Which of the following bonds requires the lagest amount of bond energy to dissociate into
corresponding atoms?

a. H-H bond in H b.C-HbondinCH c¢.NeNbondinN d. O=0O bond in ©
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Ans: c. NN bond in N (B.O. is directly proportional to the bond dissdmn energy, B.O. of Ns 3.0, greater the
multiplicity of the bond, more is the bond strengtid hence more will be the bond dissociation enjerg
Q.57. Beryllium atom in Bek is
a. sphybridized b. $ybridized c. sp hybridized d. Unhybridized
Ans: c. sp hybridized [In BeFBe has LP = 0 anslbonds = 2, (Rp) = (Tstp) —1=2 -1 =1 (sp)]
Q.58. Amongst the following the molecule that isdiear is
a.Cl b.NO ¢.SQ d.CIG
Ans: a.ICl [In ICI, LP of each halogen =&pond = 1, (Rys) = (Tstp) — 1=4 - 1 = 3 (sD, linear]
Q.59. Amongst the following molecules the one witthe largest distance between the two adjacent carho
atoms is
a. Ethane b. Ethene c. EthynesthzZBne

Ans: a. Ethane (SpLower the multiplicity of the bond, higher is thend length)
Q.60. The correct sequence of the decrease in thertal angles of the following molecules is

a. NH> PH; > AsHs >SbH b. NH: > AsHs > PH >SbHy  ¢. SbH > AsHs > PH; > NH;3

d. PR> NHz > AsH: >SbH;
Ans: a. NH > PH > AsHs >SbH (Under the same repulsive force, bond angle iectlir proportional to the
electronegativity of the central atom when periphatoms are same, electronegativity order is N>$38b)
Q.61. The compound in which C uses its jnybrid orbitals for bond formation is

a. HCOOH b. §N).CO c. HCHO d. GEHO
Ans: d. CHRCHO (CH; group in CHCHO is in sp hybridized)
Q.62. The correct order of increasing C-O bond lenifp of CO, COs*, COz is

a.Cgg<CO,<CO b.C@< COZ < CO c.CO < CH< CO, d. CO < Ce< COZ
Ans: d. CO < C@< CO* [ Resonance possible in@) O=C=0,G0]
Q.63. Among the following, the pair in which the two species are not isostructural is

a.PF and Sk b. Sikand Sk c.Xek and BrCl d. B and NH*
Ans: b. Sig and Sk (SiF, tetrahedral, spand Sk, see-saw, Sp) (see Table 1.2)
Q.64. The number ofe and« bonds in pent-4-ene-1-yne is

a.3, 10 b.9, 4 c4,9 d.10,3

Ans: d.10,3 (HC-CH,-CH=CH,, all single bonds are bonds, in double bond1& 1=, in triple bonds & & 27)
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Q.65. Lone pair of electrons is present in the ceral atom of (STGT 2018)
(@) CCk (b) B (c) NH; (d) None of the above

Ans: (¢) NH (for N, LP =1, BPs=3)

Q.66. C—C bond length in ethane molecule is (STGT 2018)

(@ 1-20A (b)1-54A (c)1-34A (d)1-39A

Ans: (b) 1-54 A (in ethan€-C: sp-sp’, Puy, = 3+3 = 6, C-C bond length = 1.5%
Q.67.C—C—C bond angle in diamond crystal is  (STGT 2018)

(a) 109°28' (b) 107°28' (c) 120° (d) Naf the above

Ans: (a) 109°28(in diamond C - sp& in graphite C - spseeTable 1.2

Q.68. In crystalline graphite, C—C bond lengthis  (STGT 2017)

(@ 1-54A ()1:34A (c)1-42A (d)1/&2

Ans: (b) 1-34 A (in graphite, C-C : 3%, Puy» = 2+2 = 4, C-C bond length = 1.3
Q.69.What is the C-C bond length (in angstrom) in mond? (STGT 2016)
(@52 (b)2-0 (c)1-54 3d35

Ans: (c) 1-54 (in diamond, C-C :%g*, Puyp = 3+3 = 6, C-C bond length = 154
Q.70.The ratio ofe and = bonds in naphthalene is (STGE016)
(@11:5 (b)5:11 (c) 85 (d)19:5

Ans: (d)19:5 (in naphthalene, there iscl@nd 5 bonds)

Q.71. Among CIG» XeOs and SG;, species with pyramidal shape is/are? (NE2017)
a) CIOy and XeQ b) Xe@and SQ ¢) CI&@ and S@ d) S@

Ans: a) CIQ and XeQ (seeTable 1.2

Q.72. The correct order of the bond dissociation argies for the indicated C-H bond in following compunds

is (NET 2016)

A) OH B) [>—H  © @%H

aC>B>A b)A>B>C c)A>C>B d)C>A>B
Ans: d) C > A > B [The power of the hybridizatigtate (By,) of hydrogen bonded carbon atom is directly

proportional to the bond length and bond lengtmi®rsely proportional to the bond dissociationrgies; in A :
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spP-H, Puyb = 2, C-H bond length = 1.20 in B : sp-H, Py, = 3, C-H bond length = 1.%t and in C : sp-H, R =
1, C-H bond length = 1.d8].
Q.73. The correct shape of [Te§ ion on the basis of VSEPR theory is (NET 2016)

a) Trigonal bipyramidal b) Square pyramidat) Pentagonal planar  d) See-saw

Ans: b) Square pyramidal (s&able 1.2

Conclusion

It may be expectethat these four (04) times economic innovative metids would go a long way to help to the
students of chemistry at Undergraduate, Senior Undgraduate and Post-Graduate levelwho would choose
the chemistry as their career. Experimeintsjtro, on 100 students, showed thgt using these mnemonics based

teaching methodologies students can save up to 3anutes' time in the examination hall.
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